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(57) An inkjet head provided with a plurality of pres- 
sure chambers includes an actuator unit for the plurality 
of pressure channbers. The actuator unit includes a plu- 
rality of inactive layers and at least one active layer, both 
made of piezoelectric material. The plurality of inactive 
layers are arranged on a pressure chamber side to cov- 
er the plurality of pressure chambers. The at least one 
active layer is arranged on an opposite side of the pres- 
sure chambers with respect to the Inactive layers. The 
active layer is segmented to a plurality of segments 
which are located at positions correspond to the plurality 
of pressure chambers. Further, each segment of the ac- 
tive layer is sandwiched between a common electrode 
and a driving electrode. 
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Description 

Background of the Invention 

[0001 ] The present invention relates to an inkjet head 
for an inkjet printing apparatus. 

[0002] Recently, inkjet printing apparatuses are wide- 
ly used. An inkjet head (i.e., a printing head) employed 
in an inkjet printing apparatus is configured such that ink 
is supplied fronn an ink tank into manifolds and distrib- 
uted to a plurality of pressure chambers defined in the 
inkjet head. By selectively applying pressure to the pres- 
sure chambers, ink is selectively ejected through the 
nozzles, which are defined corresponding to the pres- 
sure chambers, respectively. For selectively applying 
pressure to respective pressure chambers, an actuator 
unit composed of laminated sheets of piezoelectric ce- 
ramic is widely used. 

[0003] An example of such an Inkjet head is disclosed 
in United States Patent No. 5,402,159, teachings of 
which are incorporated herein by reference. The above- 
described patent discloses an inkjet head which in- 
cludes an actuator unit having ceramic layers which are 
consecutive laminated planes extending over a plurality 
of pressure chambers. In the inkjet head of the above- 
mentioned patent, the piezoelectric ceramic layers of 
the actuator unit generally include active layers and in- 
active layers. The active layers are located at the pres- 
sure chamber side and sandwiched between a common 
electrode kept at a ground potential and driving elec- 
trodes (individual electrodes) respectively located at 
places corresponding to the pressure chambers. The in- 
active layers are located on a side opposite to the pres- 
sure chambers and are not provided with electrodes. By 
selectively controlling the potential of the driving elec- 
trodes to be different from that of the common elec- 
trodes, the active layers expand/contract in the stacked 
direction of the layers in accordance with a piezoelectric 
longitudinal effect. With this expansion/contraction of 
the active layers, the volume within the corresponding 
pressure chambers varies, thereby ink being selectively 
ejected from the pressure chambers. The inactive layers 
deforni very little and serve to support the active layers 
from above so that the active layers effectively expand/ 
contract in the stacked direction of the layers. 
[0004] Recently, there is a great demand for highly in- 
tegrated pressure chambers. However, the inkjet head 
of the type as described in the above-mentioned patent 
is insufficient to meet such a demand. 

Summary of the Invention 

[0005] In view of the above, the present invention is 
advantageous in that an inkjet head having highly inte- 
grated pressure chambers is provided. 
[0006] According to an aspect of the invention, there 
is provided an inkjet head, which is provided with a plu- 
rality of pressure chambers, each of which being con- 



figured such that an end thereof is connected to a dis- 
charging nozzle and the other end is connected to an 
ink supplier and an actuator unit for the plurality of pres- 
sure chambers. Specifically, the actuator unit includes 

5 a plurality of inactive layers and at least one active layer, 
both made of piezoelectric material. The plurality of in- 
active layers are arranged on a pressure chamber side 
to cover the plurality of pressure chambers. The at least 
one active layer is arranged on an opposite side of the 

10 pressure chambers with respect to the inactive layers. 
In an embodiment, the active layer is segmented to a 
plurality of segments which are located at positions cor- 
respond to the plurality of pressure chambers. Further, 
each segment of the'active layer is sandwiched between 

IS a common electrode and a driving electrode. 

[0007] Optionally, when a driving electrode provided 
on a segment of the active layer is set to have a voltage 
different from the potential of the common electrode, the 
segment of the active layer deforms in accordance with 

20 piezoelectric transverse effect. In this case, a unimorph 
effect is generated by the defonnation of the segment 
of the active layer in association with the inactive layers 
to vary a volume of the pressure chamber correspond- 
ing to the segment. 

25 [0008] Optionally, at least one layer includes a plural- 
ity of active layers. 

[0009] Further optionally, an electrode arranged far- 
thest from the pressure chamber may be configured to 
be the thinnest electrode between the common elec- 
30 trode and the driving electrode. 

[0010] In an embodiment of the invention, an elec- 
trode closest to the pressure chamber Is the common 
electrode. 

[0011] In a particular case, a thickness of each of the 
35 at least one active layer is 20\m\ or less. 
[0012] In an embodiment, condition: 

t>T<0.8 

40 

is satisfied, 

wherein, t represents a thickness of the active lay- 
er, and T represents the entire thickness of the active 
layer and the inactive layers. More preferably, t/T may 
-45 be 0.7 or less. 

[0013] Further, conditions: 

0.1 mm < L < 1 mm, 



0.3 < 6/L < 1 , 

may be satisfied, 

wherein L represents a width of the active layer in 
a shorter side, and 



30 
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wherein 5 represents a width of a driving electrode 
in a direction similar to the width L of the active layer. 
[001 4] Still optionally, all of the at least one active lay- 
er and the at least one inactive layer may be formed of 
the same material. 

[001 5] Optionally or alternatively, all of the at least one 
active layer and the inactive layers have substantially 
the same thickness. 

[0016] In an embodiment, the number of the active 
layer and the number of the inactive layers are one and 
two, respectively. Alternatively, the number of the active 
layers and the number of the inactive layers can be two 
and two, respectively. 

[0017] Still optionally, the common electrode may be 
kept to a ground potential. 

[0018] According to another aspect of the Invention, 
there is provided an InkJet head, which Is provided with 
a plurality of pressure chambers, each of which being 
configured such thai an end thereof is connected lo a 
discharging nozzle and the other and is connected to an 
ink supplier, and an actuator unit for the plurality of pres- 
sure chambers. Further, the actuator unit includes a plu- 
rality of inactive layers arranged on a pressure chamber 
side and fomnod of piezoelectric material and at least 
one active layer anranged on an opposite side of the 
pressure chambers with respect to the inactive layers 
and formed of piezoelectric material, the plurality of in- 
active layers being arranged to cover the plurality of 
pressure chambers, the at least one active layer being 
segmented to locate at positions corresponding to the 
plurality of pressure chambers. Furthemriore, each seg- 
ment of the at least one active layer is sandwiched be- 
tween a common electrode and a driving electrode, and 
each segment of the at least one active layer sand- 
wched between the common electrode and the driving 
electrode deforms in accordance with piezoelectric 
transverse deformation effect so that the each segment 
perfomis unimorph defonmation in accordance with a 
voltage applied to each of the driving electrode. Option- 
ally, the common electrode may be kept to a ground po- 
tential. 

Brief Description of the Accompanying Drawings 
[0019] 

Fig. 1 is a bollom view of an Inkjet head according 
to an embodiment of the invention: 
Fig. 2 is an enlarged view of ain area surrounded by 
a dashed line in Fig. 1; 

Fig. 3 is an enlarged view of an area surrounded by 
a dashed line in Fig. 2; 

Fig. 4 is a sectional view of a primary part of the 
Inkjet head shown In Fig. 1 . 

Fig. 5 is an exploded perspective view of the prima- 
ry part of the Inkjet head shown in Fig. 1 : 
Fig. 6 is an enlarged side view of an area surround- 
ed by a dashed line in Fig. 4; and 



Fig. 7 shows a modification of the stmcture shown 
in Fig. 6. 

Detailed Description of the Embodiment 

[0020] Hereinafter a preferred embodiment of the in- 
vention will be described with reference to the drawings. 
[0021] Fig. 1 is a bottom view of an Inkjet head 1 ac- 
cording to an embodiment of the invention. Fig. 2 is an 
enlarged view of an area surrounded by a dashed line 
In Fig. 1 . Fig. 3 is an enlarge view of an area surrounded 
by a dashed line in Fig. 2. Fig. 4 is a sectional view of a 
primary part of the Inkjet head 1 shown in Fig. 1 . Fig. 5 
is an exploded perspective view of the main part of the 
Inkjet head shown in Fig. 1. Fig. 6 is an enlarged side 
view of an area surrounded by a dashed line in Fig. 4. 
[0022] The Inkjet head 1 is employed in an Inkjet print- 
ing apparatus, which records an image on a sheet by 
ejecling inks in accordance with ah image data. As 
shown in Fig. 1 , the Inkjet head 1 according to the em- 
bodiment has, when viewed from the bottom, a substan- 
tially rectangular shape elongated in one direction 
(which is a main scanning direction of the Inkjet printing 
apparatus). The bottom surface of the Inkjet head 1 is 
formed with a plurality of trapezoidal ink ejecting areas 

2 which are arranged In two lines which extend in the 
longitudinal direction (i.e.. the main scanning direction) 
of the Inkjet head 1 , and are also staggering (i.e., alter- 
nately arranged on the two lines). 

[0023] A plurality of ink discharging openings 8 (see 
Rgs. 2 and 3) are arranged on the surface of each ink 
ejecting area 2 as will be described later. An ink reservoir 

3 is defined inside the Inkjet head 1 along the longitudi- 
nal direction thereof. The ink reservoirs is in communi- 
cation with an ink tank (not shown) through an opening 
3a, which is provided at one end of the Ink reservoir 3, 
thereby the ink reservoir 3 being filled with ink all the 
time. A plurality of pairs of openings 3b and 3b are pro- 
vided to the ink reservoir 3 along the elongated direction 
thereof (i.e., the main scanning direction), in a staggered 
arrangement. Each pair of openings 3b and 3b are 
formed in an area where the ink ejecting areas 2 are not 
formed when viewed from the bottom. 

[0024] As shown in Figs. 1 and 2, the ink reservoir 3 
Is in communication with an underlying manifold 5 
through the openings 3b. Optionally, the openings 3b 
may be provided with a filler for removing dust in the ink 
passing therethrough. The end of the manifold 5 branch- 
es into two sub-manifolds 5a and 5a (see Fig. 2). The 
two sub-manifolds 5a and 5a extend into the upper part 
of the ink ejecting area 2 from each of the two openings 
3b and 3b which arc located besides respective ends of 
an ink ejecting area 2 in the longitudinal direction of the 
Inkjet head 1 . Thus, in the upper part of one ink ejecting 
area 2, a total of four sub-manifolds 5a extend along the 
longitudinal direction of the inkjet head 1. Each of the 
sub-manifolds 5a is filled with ink supplied from the ink 
reservoirs. 
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[0025] As shown in Figs. 2 and 3, a plurality of ink dis- 
charging openings 8 are arranged on the surface of 
each ink ejecting area 2. As shown in Fig. 4, each of the 
ink ejecting openings 8 is formed as a nozzle having a 
tapered end, and Is in communication with the sub-man- 
ifold 5a through an aperture 12 and a pressure chamber 
(cavity) 10. The pressure chamber 10 has a planar 
shape which is generally a rhombus (900^m long and 
350|.im wide). An ink channel 32 is fonned to extend, in 
the inkjet head 1 . from the ink tank to the Ink ejecting 
opening 8 through the ink reservoir 3, the manifold 5, 
the sub-manifold Sa^ the aperture 12 and the pressure 
chamber 10. It should be noted that, in Figs. 2 and 3, 
the pressure chambers 10 and the apertures 12 are 
drawn in solid lines for the purpose of clarity although 
they are formed in the interior of the ink ejecting area 2 
and therefore should normally be drawn by broken lines. 
[0026] Further, as can be seen in Fig. 3, the pressure 
chambers 10 are an^anged close to each other within 
the ink ejecting area 2 so that an aperture 12, which is 
in communication with one pressure chamber 10 over- 
laps the adjacent pressure chamber 10. Such an ar- 
rangement can be realized since the pressure cham- 
bers 1 0 and the apertures 12 arc formed at different lev- 
els (heights), as shown in Fig. 4. The pressure cham- 
bers 10 can be arranged dense so that high resolution 
images can be formed with the Inkjet head 1 occupying 
an relatively small area. 

[0027] The pressure chambers 1 0 are arranged within 
the ink ejecting areas 2, which are within the plane 
shown in Fig. 2, along two directions, i.e., the longitudi- 
nal direction of the inkjet head 1 (first array direction) 
and a direction slightly Inclined with respect to a width 
direction of the inkjet head 1 (second array direction). 
The ink ejecting opening 8 is arranged with a density of 
50 dpi in the first array direction. There are twelve pres- 
sure chambers 10 at the maximum in the second array 
direction are arranged such that twelve pressure cham- 
bers 10, at maximum, are arranged in the second align 
direction. It should be noted that a relative displacement 
of a pressure chamber 10 located atone end of the array 
of 12 pressure chambers 10 and another pressure 
chamber 10 at the other end of the array corresponds 
to a size of the pressure chamber 10 in the first array 
direction. Thus, between two ink ejecting openings 8 ad- 
jacently arranged in the first array direction, twelve ink 
ejecting openings 8 exist although they are different in 
positions In the width direction of the inkjet head 1 . It 
should be noted that, in arrays on the peripheral portion 
in the first direction, the number of the pressure cham- 
bers 1 0 is less than twelve. However, the peripheral por- 
tion of the next ejecting area 2 (the arrays thereof op- 
posing the arrays having less than twelve pressure 
chambers 10) is configured to compensate for each oth- 
er, and thus, as the Inkjet head 1 as a whole, the above 
condition is satisfied. 

[0028] Thus, the inkjet head 1 according to the em- 
bodiment is capable of performing printing with a reso- 



lution of 600 dpi in the main scanning direction by eject- 
ing ink from the plurality of ink ejecting openings 8 ar- 
ranged in the first and second array directions in accord- 
ance with the movement of the inkjet head 1 in the width 
5 direction relative to a sheet. 

[0029] Next, the sectional configuration of the Inkjet 
head 1 will be described. As shown in Figs. 4 and 5, the 
main part at the bottom side of the inkjet head 1 has a 
laminated structure in which a total of ten sheet mem- 
10 bers are laminated. The ten sheet members are the ac- 
tuator unit 21 , a cavity plate 22, a base plate 23, an ap- 
erture plate 24, a supplier plate 25, manifold plates 26, 
27, 28, a cover plate 29, and a nozzle plate 30, in this 
order from the top. 
15 [0030] The actuator unit 21 is configured, as will be 
described later in more detail, such that five piezoelec- 
tric sheets are laminated. Electrodes are provided to the 
actuator unit 21 so that three of the sheets are active 
and the other two are inactive. The cavity plate 22 is a 

20 metal plate provided with a plurality of openings of gen- 
erally rhombus shape to fonn the pressure chamber 10. 
The base plate 23 is a metal plate including, for each 
pressure chamber 10 of the cavity plate 22, a commu- 
nication hole for connecting the pressure chamber 10 

25 and the aperture 12 and a communication hole extend- 
ing from the pressure chamber 1 0 toward the ink eject- 
ing opening 8. The aperture plate 24 is a metal plate 
including, In addition to the apertures 12. a communica- 
tion hole extending from the pressure chamber 1 0 to the 

30 ink ejecting opening 8 for each pressure chamber 1 0 of 
the cavity plate 22. The supplying plate 25 is a metal 
plate including, for each pressure chamber 10 of the 
cavity plate 22, a communication hole for connecting the 
aperture 12 and the sub-manifold 5a and a communica- 

35 tion hole extending from the pressure chamber 10 to- 
ward the ink ejecting opening 8. The manifold plates 24 
are metal plates including, in addition to the sub-mani- 
fold 5a, a communication hole extending from the pres- 
sure chamber 10 toward the ink ejecting opening 8 for 

40 each pressure chamber 10 of the cavity plate 22. The 
cover plate 29 is a metal plate including, for each pres- 
sure chamber 1 0 of the cavity plate 22, a communication 
hole extending from the pressure chamber 1 0 to the ink 
ejecting opening 8. The nozzle plate 30 is a metal plate 

45 having, for each pressure chamber 10 of the cavity 
plate, one tapered ink ejecting opening 8 which serves 
as a nozzle. 

[0031 ] The ten sheet members 21 through 30 are lam- 
inated after being aligned to form an ink channel 32 as 

50 shown in Fig. 4. This Ink channel 32 extends upward 
from the sub-manifold 5a, and then horizontally at the 
aperture 12. The ink channel 32 then extends further 
upward, then horizontally at the pressure chamber 10, 
and then obliquely downward for a certain length in a 

55 direction away from the aperture 12, and then vertically 
downward toward the ink ejecting opening 8. 
[0032] As shown in Fig. 6, the actuator unit 21 in- 
cludes three piezoelectric sheets 41 . 42 and 43 having 
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substantially the same thickness of about 15iim. The pi- 
ezoelectric sheet 41 Is configured to a plurality of seg- 
ments provided only above the pressure chambers 10, 
respectively. Specifically, each segment of the piezoe- 
lectric sheet 41 has a similar shape viewed from the 
above as the pressure chamber 1 0 (i.e. . 850um long and 
250.um wide), and the area thereof projected along the 
laminated direction is slightly smaller than that of the 
pressure chamber 10 so that the former is Included In 
Iho latter. 

[0033] These piezoelectric sheets 42 and 43 are con- 
tinuous planar layers, and is arranged to extend over a 
plurality of pressure chambers 10 which are distributed 
wilhm each of the ink ejecting areas 2 of the Inkjet head 
1 . Since tho piezoelectric sheets 42 and 43 extend over 
a pluraliiy o( pressure chambers 10 as the continuous 
planar layers, the mechanical rigidity thereof can be 
mainiamcd. which Improves the speed of response re- 
garding ink ejection of the Inkjet head 1 . 
[0034] A common electrode 34, having a thickness of 
about 2um. is fonmed between the uppennost piezoe- 
Icclnc sheet 41 and the piezoelectric sheet 42. Further, 
driving electrodes (individual electrode) 35. is formed for 
respective pressure chambers 10 on the top surface of 
tho pio/ooloctric sheet 41 (see also Fig. 3). Each driving 
electrode 35 is approximately ^\Lvn thick. The driving 
electrode 35 arc distributed over the piezoelectric sheet 
41 However, no electrodes are provided between the 
piezoelectric sheets 42 and 43, which Is immediately be- 
low the piezoelectric sheet 42. and below the piezoelec- 
tric sheet 43. 

[0035] The common electrode 34 Is grounded. Thus, 
each area of the common electrode 34 corresponding 
to the pressure chamber 1 0 is kept at the ground poten- 
tial. The driving electrode 35 is connected to drivers (not 
shown) by separate lead wires (not shown), respective- 
ly, so that the potential of the driving electrodes can be 
controlled for each pressure chamber 10. 
[0036] It should be noted that the common electrode 
34 is not necessarily formed as one sheet extending 
over the whole area of the piezoelectric sheet, and a 
plurality of common electrodes 34 may be formed such 
that the projection thereof in the layer stacked direction 
covers tne whole area of the pressure chamber 10, or 
such that the projection thereof is included within the 
area of the pressure chamber. In such cases, it is re- 
quired that the common electrodes are electrically con- 
nected so that the areas thereof opposing the pressure 
chamber 10 are at the same potential. 
[0037] In the Inkjet head 1 according to the embodi- 
ment, the direction of polarization of the piezoelectric 
sheets 41 through 43 coincides with the thickness direc- 
tion thereof. The actuator unit 21 is configured to form 
a so-called unimorph type actuator, in which one piezo- 
electric sheet 41 provided on the upper part (the sheet 
distant from the pressure chamber 10) is an active layer 
and the other two piezoelectric sheets 42 and 43 at the 
lower part (the sheets closer to the pressure chamber 



10) are Inactive layers. When the driving electrode 35 is 
set to a predetermined positive/negative potential, if the 
direction of electrical field coincides with the direction of 
polarization, the portion of the piezoelectric sheet 41 . 

5 which Is the active layer contracts in a direction perpen- 
dicular to the polarization direction. In the meantime, the 
piezoelectric sheets 42 and 43, which are not affected 
by the electric field, do not contract. Thus, the upper lay- 
er piezoelectric sheet 41 and the lower layer piezoelec- 

10 trie sheets 42 and 43 deform differently In the polariza- 
tion direction, and the piezoelectric sheets 41 through 
43 as a whole deform such that the inactive layer side 
becomes convex (unimorph deformation). Since, as 
shown in Fig. 6, the bottom surface of the piezoelectric 

15 sheets 41 through 43 are fixed on the top surface of par- 
titions 22, which define the pressure chambers 10, the 
pressure chamber side surface of the piezoelectric 
sheets 41 through 43 become convex. Accordingly, the 
volume of the pressure chamber 10 decreases, which 

20 increases the pressure of the ink and causes the ink to 
be ejected from the Ink ejecting opening 8. 
[0038] If, thereafter, the application of the driving volt- 
age to the driving electrodes 35 is cut, the piezoelectric 
shoots 41 through 43 recover to the neutral shapes (i. 

25 e., a planar shape as shown in Fig. 6) and hence the 
volume of the pressure chamber 10 recovers (I.e., in- 
creases) to the normal volume, which results in suction 
of ink from the manifold 5. 

[0039] Note that in an alternative driving method, the 

30 voltage is initially applied to the driving electrodes 35, 
cut on each ejection requirement and re-applied at a 
predetennined timing after certain duration. In this case, 
the piezoelectric sheets 41 through 43 recover their nor- 
mal shapes when the application of voltage is cut. and 

35 the volume of the pressure chamber 1 0 Increases com- 
pared to the initial volume (i.e., in the condition where 
the voltage is applied) and hence ink is drawn from the 
manifold 5, Then, when the voltage is applied again, the 
piezoelectric sheets 41 through 43 deform such that the 

40 pressure chamber srde thereof become convex to in- 
crease the ink pressure by reducing the volume of pres- 
sure chamber, and thus the Ink is ejected. 
[0040] If the direction of the electric field is opposite 
to the direction of polarization, the portions of the piezo- 

•^5 electric sheet 41 , which is the active layer sandwiched 
by the electrodes, expands in a direction perpendicular 
to the polarization direction. Accordingly. In this case, 
the portions of the piezoelectric sheet 41 sandwiched 
by electrodes 34 and 35 bend by piezoelectric transver- 

50 sal effect so that the pressure chamber side surfaces 
become concave. Thus, when the voltage is applied to 
the electrodes 34 and 35, the volume of the pressure 
chamber 10 Increases and ink is drawn from the mani- 
fold 5. Then, if the application of the voltage to the driv- 

55 ing electrodes 35 is stopped, the piezoelectric sheets 
41 through 43 recover to their nonmal fonm. and hence 
the volume of the pressure chamber 1 0 recovers to its 
nomial volume, thereby the Ink being ejected from the 
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no77le. 

[0041] The Inkjet head 1 can enhance the electrical 
efficiency (i.e., change of the volume of the pressure 
chamber 10 per unit electrostatic capacity) or the area 
efficiency (i.e., change of the volume of the pressure 
chamber 1 0 per unit projected area) compared to those 
of the Inkjet head having the active layer at the pressure 
chamber side and the inactive layer at the opposite side 
as described in the previously mentioned publication, 
since it has a plurality of piezoelectric sheets 42 and 43 
as inactive layers. The improvement In electrical effi- 
ciency or area efficiency enables downsizing of the driv- 
ers for the driving electrodes 35, which contributes to 
decrease the manufacturing cost thereof. Further, the 
pressure chambers 1 0 can be made compact. Even if 
the pressure chambers 10 are highly integrated, suffi- 
cient amount of ink can be ejected. Therefore, downsiz- 
ing of the Inkjet head 1 and high density of the printed 
dots can be achieved. This effect is improved when a 
plurality of active layers are provided. For example, 
when the number of the active layers is four or more, a 
significant effect is expected. 

[0042] Fig. 7 shows a modification of the embodiment. 
In the configuration shown in Fig. 7, an actuator unit 21 M 
has two active layers (i.e., piezoelectric sheets 41 and 

41 A) and two inactive layers (i.e., piezoelectric sheets 

42 and 43). In this example shown in Fig. 7, above each 
driving electrode 35, another active layer 41 A is provid- 
ed, and another common electrode 34a is provided 
above the active layer 41 A. With this configuration, as 
described above, an improved effect can be expected. 
[0043] Further, according to the Inkjet head 1. a plu- 
rality of inactive layers 42 and 43 are provided. With this 
configuration, in comparison with a case where a single 
thick sheet of inactive layer is provided, fabrication there 
of is easier. Further, since the active and inactive layers 
are fomned of the same material, when they are fabri- 
cated by baking, they contract at the same contraction 
percentage, which improves the dimensional accuracy. 
[0044] The above-mentioned effect is remarkable 
since, in the Inkjet head 1 , the thickness of the active 
layer i.e., the piezoelectric sheet 41 , is relatively thin, i. 
e.. 15um. It is desirable to keep the thickness of the pi- 
ezoelectric sheet 41 at 20p.m or lower in order to improve 
the electrical efficiency or area efficiency. 

[0045] Further, in the Inkjet head 1 , the total thickness 
of the active layers and the inactive layers (the total 
thickness of the piezoelectric sheets 41 through 43) is 
45p.m, and the thickness of the active layer (the thick- 
ness of the piezoelectric sheet 41) is IS^im, and hence 
the ratio of the two is 15/45=0.33. Because of this con- 
figuration, the above-mentioned effect is further remark- 
able in the inkjet head 1. 

[0046] From the viewpoint of improving electrical effi- 
ciency or area efficiency, it is preferably that t/T is 0.8 or 
lower, and more preferably 0.7 or lower, where T repre- 
sents the total thickness of the active and inactive layers 
(the total thickness of the piezoelectric sheets 41 



through 43), and t represents the thickness of the active 
layer (the thickness of the piezoelectrc sheet 41 ). 
[0047] The above-mentioned effect is remarkable in 
the inkjet head 1 according to the embodiment, since 

5 the length of the pressure chamber 1 0 in the transverse 
direction is 350fim, and the length (activation width) of 
the driving electrode 35 in the same direction is 250^m. 
and hence the ratio of the two is 250/350=0. 714"-. 
From the viewpoint of improving electrical eff biency and 

10 area efficiency, it is preferable that conditions 0.1 mm < 
L < 1 mm and 0.3 < 5/L < 1 are satisfied, where L rep- 
resents the length of the pressure chamber in the trans- 
verse direction and o represents the length of the driving 
electrode 35 in the direction the same as that of length 

15 L (see Fig. 10). 

[0048] Further, the electrode located at the most pres- 
sure chamber side among the electrodes employed in 
the inkjet head 1 (i.e., electrodes 34 and 35) is utilized 
as the common electrode (34). This configuration pre- 
20 vents unstable printing due to the effect of potential var- 
iation of the driving electrode 35 on the ink, which has 
conductivity. 

[0049] In the embodiment, the piezoelectric sheets 41 
through 43 arc made of Load Zirconato Titanatc (PZT) 

25 material which shows ferroelectricity. The electrodes 34 
and 35 are made of metal of, for example, Ag-Pd metal. 
[0050] The actuator unit 21 is made by stacking the 
ceramic material for the piezoelectric sheet 43, the ce- 
ramic material for piezoelectric sheet 42, the metal ma- 

30 terial for the common electrode 34 and the ceramic ma- 
terial for the piezoelectric sheet 41 , and then the stack 
of the sheets 43. 42. 34 and 41 is baked. Thereafter, the 
piezoelectric sheet 41 is formed to have the shape cor- 
responding to the pressure chamber 10 as described 

35 above by means of ultrasonic honing, or cutting with dic- 
er. Then, metal material for the driving electrode 35 is 
plated on the surface of the piezoelectric sheet 41 , and 
unnecessary portions thereof are removed by means of 
laser patterning. 

40 [0051] Alternatively, the driving electrode 35 may be 
coated on the piezoelectric sheet 41 by means of vapor 
deposition using a mask having an opening. 
[0052] In contrast to other electrodes, the driving elec- 
trodes 35 are not baked together with the ceramic ma- 

45 terials of the piezoelectric sheets 41 through 43. This is 
because the driving electrodes 35 are exposed to out- 
side and therefore are easy lo vaporize when ihey are 
baked at high temperature which makes the control of 
the thickness of the driving electrodes 35 relatively dif- 

50 ficult compared to the common electrode 34 which is 
covered with the ceramic materials. The thickness of the 
common electrode 34 also decreases more or less 
when baked. Therefore, it is difficult to make the. com- 
mon electrode 34 thin with keeping the same continuity 

55 even after baking. The driving electrodes 35 can be 
made as thin as possible in contrast with the common 
electrode 34 since the driving electrodes 35 are formed 
after the baking as described above. 
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[0053] As above, in the inkjet head 1 according to the 
embodiment, the driving electrode 35 on the most upper 
layer are made thinner than the other electrode 34 and 
therefore do not obstruct the displacement of the piezo- 
electric sheet 41 (i.e., the active layer) so much, which 
in turn improves the efficiency (electrical efficiency and 
area efficiency) of the actuator unit 21 . 
[0054] In the inkjet head 1 , the piezoelectric sheet 41 , 
or the active layer and the piezoelectric sheets 42 and 
43 , or the inactive layers, are made of the same material. 
Accordingly, the inkjet head 1 can be produced by a rel- 
atively simple manufacturing process, which does not 
require exchange of materials. Therefore, reduction of 
manufacturing cost is expected. Further, since all of the 
piezoelectric sheets 41 through 43 have substantially 
the same thickness, the manufacturing process of the 
piezoelectric sheets can be simplified, which further re- 
duces the manufacturing cost. This is because, it Is pos- 
sible lo simplify Ihe process for adjusting Lhe thickness 
of the ceramic materials stacked for forming the piezo- 
electric sheets. 

[0055] In addition, in the inkjet head 1 according to 
the embodiment, the actuator units 21 are sectionalized 
for respective ink ejecting areas 2. This is because, if 
the actuator units 21 are formed unifomily. the small dis- 
placement between the cavity plate 22 and the actuator 
unit 21 overlaid thereon increases at the distance farther 
from the alignment point and may result in large dis- 
placements of the driving electrodes 35 of the actuator 
unit 21 from-the corresponding pressure chambers 10. 
According to the embodiment, such displacements 
hardly occur and a good accuracy of alignment can be 
achieved. 

[0056] The preferred embodiment of the invention has 
been described in detail. It should be noted that the in- 
vention is not limited to the configuration of the above 
described exemplary embodiment, and various modifi- 
cation are possible without departing the gist of the in- 
vention. 

[0057] For example, the materials of the piezoelectric 
sheets and the electrodes are not limited to those men- 
tioned above, and can be replaced with other appropri- 
ate materials. Further, the planar shape, the sectional 
shape, and the arrangement of the pressure chambers 
may be modified appropriately. The numbers of the ac- 
tive and inactive layers may be changed under the con- 
dition that the number of the inactive layers is two or 
more. Further the active and the inactive layers may 
have different thicknesses. 



Claims 

1. An inkjet head, comprising: 

a plurality of pressure chambers,* each of which 
being configured such that an end thereof .is 
connected to a discharging nozzle and the oth- 



er end is connected to an ink supplier; and 
an actuator unit for the plurality of pressure 
chambers, 

said actuator unit including: 

5 

a plurality of inactive layers made of piezo- 
electric material, said plurality of inactive 
layers being arranged on a pressure cham- 
ber side to cover said plurality of pressure 

10 chambers; and 

at least one active layer made of piezoe- 
lectric material, said at least one active lay- 
er being arranged on an opposite side of 
said pressure chambers with respect to 

15 said plurality of inactive layers, said at least 

one active layer being segmented so as to 
correspond to said plurality of pressure 
chambers, 

20 wherein each segment of said at least one ac- 

tive layer is sandwiched between a common elec- 
trode and a driving electrode. 

2. The Inkjet head according to claim 1 , wherein when 
25 said driving electrodes are set to have voltage dif- 
ferent from the potential of said common electrode, 
said active layers deform in accordance with piezo- 
electric transverse effect, a unimorph effect being 
generated by the defomnation of said active layer in 

30 association with the inactive layers to vary a volume 
of said pressure chambers. 

3. The inkjet head according to claim 1 or 2 wherein 
said at least one active layer includes a plurality of 

35 active layers. 

4. The inkjet head according to one of claims 1 to 3, 
wherein the electrode arranged farthest from the 
pressure chamber is configured to be the thinnest 

40 electrode between said common electrode and said 
driving electrode, and/or 

the electrode closest to the pressure chamber is 
said common electrode. 

45 5. The inkjet head according to one of claims 1 to 4, 
wherein a thickness of each of said at least one ac- 
tive layer is 20|im or less. 

6. The inkjet head according to one of claims 1 to 5, 
50 wherein t/T is 0.8 or less, preferably 0.7 or less, 

where t represents a thickness of said active 
layer and T represents the entire thickness of said 
active layers and said inactive layers. 

55 7. The inkjet head according to one of claims 1 to 6, 
wherein conditions: 
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0.1 mm < L < 1 mm, 



and 



each of said driving electrode. 

11. The Inkjet head according to one of claims 1 to 10, 
wherein said common electrode is kept to a ground 
potential. 



0.3 < 8/L < 1 , 



are satisfied, 

wherein L represents a width of said active io 
layer in a shorter side, and 

wherein 5 represents a width of a driving elec- 
trode in a direction similar to the width L of said ac- 
tive layer. 

15 

8. The Inkjet head according to one of claims 1 to 7, 
v/hcrcin all of said at least one active layer and said 
Hi icasi one inactive layer are formed of the same 
niHlorial. and/or all of said at least one active layer 
and said inactive layers have substantially the same 20 
mickncss. 

9. The inkjct head according to one of claims 1 to 8, 
wherein the number of the active layers and the 
number of Iho inactive layers are two and one. re- 2S 
spoclively or the number of the active layers and 

the number of the inactive layers are two and two, 
rospecfively. 

10. An inkjol head, comprising: 30 

a plurality of pressure chambers, each of which 
being configured such that an end thereof is 
connected to a discharging nozzle and the oth- 
er and is connected to an ink supplier; and 35 
an actuator unit for the plurality of pressure 
chambers. 



wherein said actuator unit includes a plurality 
of inactive layers arranged on a pressure chamber 40 
side and formed of piezoelectric material and at 
least one active layer arranged on an opposite side 
of said pressure chambers with respect to said in- 
active layers and formed of piezoelectric material 
said plurality of inactive layers being arranged to -^s 
cover said plurality of pressure chambers, said at 
least one active layer being segmented to locate at 
positions corresponding to said plurality of pressure 
chambers. 

wherein each segment of said at least one ac- so 
tive layer is sandwiched between a common elec- 
trode and a driving electrode, and 

wherein each segment of said at least one ac- 
tive layer sandwiched between the common elec- 
trode and the driving electrode deforms in accord- 55 
ance with pie7oelectric transverse deformation ef- 
fect so that said each segment performs unimorph 
deformation in accordance with a voltage applied to 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 5 
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